Abstract The distribution patterns of macrozoobenthic communities as shown by the biomass of the higher taxa were investigated in Admiralty Bay. Material was collected at depths ranging from 4 to 500 m (102 quantitative samples), representing the full depth range of this basin and including areas characterized by the different levels of glacial influence. Five community groups were distinguished by multivariate analysis (clustering, MDS) based on the Bray-Curtis similarity index. In the Ezcurra Inlet, the area characterized by intensive glacial processes resulting in a high sedimentation rate, the distribution of biomass was not depth related, but was associated with the intensity of glacial disturbance along the axis of the fjord. The innermost part of this fjord, which receives strong outflows from glaciers, had a low biomass value (2.9 g/ 0.1 m 2 ) and was dominated by polychaetes. The middle part of the fjord which is not so heavily disturbed had higher biomass values (46.1 g/0.1 m 2 ) due to the dominance of bivalves. A clear depth gradient of biomass distribution was observed in bottom areas located far from glaciers, in the central basin of the bay, with three zones within the depth ranges 4-30, 40-380, and 400-500 m. The highest mean biomass values (92.5 g/0.1 m 2 ) were found in the middle sublittoral (40-380 m) dominated by ascidians. In the shallow and deep assemblages, the biomass was lower (33.8 g/0.1 and 30.9 g/0.1 m 2 respectively), most probably associated with the ice disturbance in the shallows and lower food supply in the deepest part of the shelf.
Introduction
Antarctic benthic biomass is considered to be relatively high compared to that of other regions of the world. It is only in the shallow water areas from the intertidal to 10 m depth, often disturbed by glacial processes, that there is no difference between Antarctic and non-Antarctic sites (Brey and Gerdes 1997) . Antarctic benthic shelf assemblages have a biomass comparable to those of the most productive regions of the world's ocean (Knox 1994) . On the other hand, it was pointed out by Gutt (1991) that this Antarctic habitat is also characterized by a wide range of variation in that biomass.
The main groups of macroinvertebrates that contribute to the high biomass values on Antarctic shelf are sponges, echinoderms, ascidians, and bryozoans (Brey and Gerdes 1997) . These epifaunal, suspension-feeding communities have a patchy distribution and are among the most important routes of energy transfer from the pelagial to the benthic zone in the Southern Ocean (Gili et al. 2001) . Another important feature of the Antarctic benthos distribution is that these assemblages are not uniform in their trophic structure. Two most important feeding modes, suspension-feeding and deposit-feeding, are distributed within different depth ranges, and the bathymetric segregation observed in these two groups also results in the segregation of biomass values (Saiz-Salinas et al. 1997 , 1998 . The biomass of the suspension-feeding epifauna is probably one or two orders of magnitude larger than the biomass of the infauna (Gallardo 1987; Knox 1994) .
Estimations of biomass have been presented for several Antarctic locations, including the South Orkney Islands (White and Robins 1972) , Syowa Station (Numanami et al. 1986 ), Terra Nova Bay (Gambi et al. 1994) , Adelaide Island (Barnes and Brockington 2003) , and Victoria Land on the Ross Sea (Rehm et al. 2006 ), but multivariate analysis of biomass data has been used only rarely (SaizSalinas et al. 1997) . Biomass analyses have also been performed for the South Shetland Islands (Saiz-Salinas et al. 1997 , 1998 Arnaud et al. 1998; Saiz-Salinas and Ramos 1999; Piepenburg et al. 2002) . The biomass of benthic macrofaunal communities in Admiralty Bay was studied by Jazdzewski et al. (1986) but the analysis was based only on three transects within 15-250 m depth range.
There is still a relatively small number of studies on Antarctic benthic biomass distribution compared to those based on abundance data, and for most of these studies, there are no data from the full depth range of the shelf, and the number of samples is often very limited. Further, the gradients associated with glacial processes are still rarely analyzed in the Antarctic compared to the Arctic (WlodarskaKowalczuk et al. 2005; Smale and Barnes 2008) . This is an important problem in the context of global climate change and the warming observed in the Antarctic Peninsula region, as the intensity of those processes will most probably increase during the next century resulting in changes in marine benthic communities (Barnes and Peck 2008; Smale and Barnes 2008) . Admiralty Bay is a very appropriate site for such research as a basin with many glacially influenced parts of the coast as well as places located far from glaciers (Braun and Grossmann 2002) , and with extensive background knowledge on the environmental factors like meltwater influence, inorganic sedimentation inflow, water turbidity, and sediment type (Pecherzewski 1980; Szafranski and Lipski 1982; Jonasz 1983; Lipski 1987; RakusaSuszczewski 1995; Sicinski 2004) .
The aim of the present study was to determine the patterns of macrozoobenthic biomass distribution in the whole depth range of Admiralty Bay (from 4 to 500 m), as well as ranging from areas with strong glacial activity to the open waters of the central basin in areas located far from glaciers.
Materials and methods

Study area
Admiralty Bay is a fjord-like embayment which consists of a central basin and three inlets: Ezcurra Inlet, Martel Inlet, and MacKellar Inlet. Ezcurra Inlet is a typical narrow fjord with shores covered with glaciers and with strong meltwater influence (Pecherzewski 1980; Braun and Grossmann 2002) . The largest glaciers are located in the innermost part of this fjord while the outer part have almost glacier-free coastline (Fig. 1) .
On the seafloor of Ezcurra Inlet, two main areas can be distinguished. The youngest, shallower inner part of the fjord has an intricate bottom configuration. The older part, in the outer fjord area, forms a deep trough. These two parts are separated by a sill, which has a great influence on the distribution of benthic communities (Marsz 1983; Sicinski 2004 ). The deepest part of Ezcurra Inlet is located in its outer part and reaches about 270 m.
The central basin is the deepest part of the Admiralty Bay reaching 550 m, and it is open to the Bransfield Strait. Glacier cover on the shores of the central basin is distributed mainly along the eastern coast, and it is not present in the area located at the edge of its western coast and coast of Ezcurra (Braun and Grossmann 2002) . Also, the sedimentation rates are different in Ezcurra Inlet and in the central basin of the bay. High amounts of mineral suspended matter ([100 mg/dm 3 ) were recorded during summer in front of the glacier cliffs. The lowest values (2.8 mg/dm 3 ) were observed in winter, in the central part of the bay (Pecherzewski 1980) .
Sampling
Most of the samples were collected using a van Veen grab (0.1 m 2 ) including 44 samples from Ezurra Inlet and 50 samples from the central basin, taken in the summer seasons of 1979/1980, 1984/1985, and 1985/1986 . Another eight samples from the shallowest sublittoral of the central basin were collected with a Tvärminne Kangas sampler (565 cm 2 ) in the summer season of 1988. Biomass values from those eight samples were converted to 0.1 m 2 surface area. The samples were sieved on a 0.5-mm mesh sieve. The samples covered the whole depth range of Admiralty Bay from 4 to 500 m depth and were distributed in a gradient from the disturbed inner parts of Ezcurra Inlet to the open, deepest sublittoral of the central basin (Fig. 1 ).
Data analysis
Samples were identified to thirty-eight higher taxa ( Table 1 ). The family Siboglinidae (formerly Pogonophora) was treated separately from other polychaetes because of their unique features (no mouth, a symbiotic relationship with chemoautotrophic bacteria). Biomass for each taxon was measured to the nearest mg as blotted wet weight.
The similarities between samples were calculated using the Bray-Curtis similarity index. Hierarchical agglomerative clustering was performed using the group average method. Nonmetric multidimensional scaling (MDS) was used for sample ordination. The data matrix of macrozoobenthos higher taxa biomass values (wet weight in mg/ 0.1 m 2 ) were log 10 transformed (Clarke and Warwick 1994) . Differences between the total biomass values in the distinguished groups were tested with the use of the nonparametric Kruskal-Wallis test and post hoc multiple comparisons using the STATISTICA 6 package.
Results
Five groups of samples were distinguished in the cluster analysis (Fig. 2) . Similar trends were found on the MDS plot (Fig. 3) . These five clusters represent five areas of the Admiralty Bay bottom with distinct depth ranges and distribution in the bay ( (Fig. 1 ). This group was separated from other assemblages in the first, most general division of the dendrogram (Fig. 2) . The bottom fauna of this area was very poor with only 12 taxa recorded (Table 1 ) and had a very low mean biomass of 2.9 g/0.1 m 2 . The most important group in terms of biomass was Polychaeta with almost 75% dominance ( . Almost all analyzed taxa were found in this bottom area (Table 1) . Large colonial suspension feeders (Ascidiacea, Bryozoa, and Porifera) were very important components of the biomass (together almost 70% of biomass), followed by Polychaeta with almost 17% of biomass (Fig. 4 ).
Group C
This very distinct group represented the deepest sublittoral of Admiralty Bay (400-500 m). The most important taxon was Polychaeta (39%) but this is the only cluster with the large amount of Echiura (29%) and Anthozoa (17%) ( Fig. 4 ; Table 1 ). The mean value of total biomass was 30.9 g/0.1 m 2 .
Group D This cluster grouped the samples from the shallowest sublittoral (4-30 m) distributed mostly in the central basin, with some samples from outer part of Ezcurra Inlet and from steep slopes of Dufayel Island. It was a very distinct group with Echinoidea, Bivalvia, and Asteroidea as the most important taxa (Fig. 4) . The mean value of biomass was 33.8 g/0.1 m 2 . Extremely low mean polychaete biomass (2 g/0.1 m 2 ) was observed here. Conversely, amphipod and isopod mean biomass values were the highest in the whole investigated bottom area, 1.7 and 1.2 g/0.1 m 2 , respectively. A relatively high biomass of Tanaidacea was also a peculiar feature of this assemblage (Table 1) .
Group E
This cluster mostly grouped the samples from the middle part of Ezcurra Inlet, close to Dufayel Island, with single samples from the outer part of this fjord (Fig. 1) . It has the second largest mean biomass value (46.1 g/0.1 m 2 ) after the Group B. It was characterized by a high biomass of Bivalvia (almost 80% and mean value 36.0 g/0.1 m 2 ) with a distinct ratio of Ophiuroidea and Polychaeta ( Fig. 4 ; Table 1 ).
Thirty-eight higher taxa were found and included in the analysis (Table 1) . The highest mean values of biomass recorded for the whole study area were found for Some other distinct features of biomass distribution were also observed. In the central basin of the bay, a clear pattern of biomass distribution along the depth gradient can be seen (Figs. 2, 3, 5a) . Conversely, in the Ezcurra Inlet, the distribution of biomass was not related to depth (Figs. 1, 2, 3, 5b) . It was confirmed in the distribution of particular taxa (Fig. 6) . Only Bivalvia and Polychaeta displayed some similar trends in their distribution along the depth gradient of Ezcurra Inlet and along the depth gradient of the central basin. However, biomass of Bivalvia in Ezcurra Inlet was much higher than in the central basin. Of further differences between biomass values of specific taxa in those two parts of Admiralty Bay, Bryozoa were one of the most important groups in the central basin, but almost absent in Ezcurra Inlet, and the biomass of Amphipoda in the Ezcurra Inlet was lower than in the central basin and did not exceed 1 g/0.1 m 2 .
Discussion
According to Saiz-Salinas et al. (1997) , depth is the most important factor structuring Antarctic macrozoobenthic biomass. A similar tendency in decrease in biomass values with increasing depth was observed in the Ross Sea (Rehm et al. 2006 ). According to the results from Admiralty Bay, depth is important for the distribution of macrozoobenthos and biomass values especially in areas that are not so heavily influenced by glaciers as found in the central basin. In this part of the bay, distinct depth gradient is shown with lower biomass in the shallows (4-30 m), high biomass values in the middle sublittoral (40-380 m) and again a decrease in biomass values in the deepest part of the shelf (400-500 m). In the shallow areas, direct ice impact can be the most important factor influencing the macrobenthic communities and the reason for low biomass (Brey and Gerdes 1997; Gutt 2001) . At greater depths, the decrease in biomass and the absence of large epifaunal suspension feeders like Bryozoa and Ascidiacea is most probably associated with lower values of particulate organic matter content (Saiz-Salinas et al. 1997; Saiz-Salinas et al. 1998) . It is also interesting that while the taxonomic compositions of the shallow water assemblage (Group D 4-30 m) and deepest sublittoral assemblage (Group C 400-500 m) were completely different, there was no significant difference between the total biomass values in those two areas of Admiralty Bay.
Saiz-Salinas et al. (1997, 1998) pointed out that in Antarctic benthic communities, a distinct segregation of two feeding modes (epifaunal suspension feeders and infaunal deposit feeders) can be observed. This segregation could be associated with quantity and quality of suspended organic matter along the depth gradient, with higher nutrient supply in the shallows compared to the deeper parts of the shelf. In the study from Livingston Island, Deception Island, and Bransfield Strait, these two major zones were separated at 100 m depth. Ascidiacea and Porifera were the most important biomass component at shallower depths, while Polychaeta was the most important taxon in the deeper part of the shelf. Similar observations with a dominance of suspension feeders (Ascidiacea, Porifera, Bryozoa) below 130 m depth but with a variety of trophic strategies (with Ophiuroidea, Asteroidea, and Polychaeta as the main groups) at deeper sites were found by Arnaud et al. (1998) on Livingston Island. However, in Admiralty Bay, Polychaeta were an important component of the biomass in almost all distinguished groups. There was not a segregation of the two feeding modes but rather a zonation of the presence of suspension feeders (Ascidiacea, Bryozoa, Porifera) with a constant presence of the infaunal component on the whole shelf. Polychaete biomass values were high from ca 40 m in the central basin and showed high variation in Ezcurra Inlet (Fig. 6 ). In the middle sublittoral assemblage (Group B 40-380 m), the mean polychaete biomass reached 15.5 g/0.1 m 2 . It was the second-ranked taxon after Ascidiacea (52.3 g/0.1 m 2 ), and its biomass values exceeded those found for Bryozoa and Porifera (Table 1) . In a study from the Scotia Arc, polychaetes were also an important component of biomass followed by echinoderms, but most of those samples were taken below 100 m depth (Mühlenhardt-Siegel 1988) . Saiz-Salinas and Ramos (1999) postulated that there is a natural gradient of benthic assemblages in the Antarctic with a dominance of larger invertebrates (mostly filter feeders) in shallower, more nutrient-rich waters and a dominance of smaller invertebrates in the deeper parts of the shelf characterized by a limited supply of organic matter. The relationship between the productivity in the pelagic zone and the biomass of benthic communities is very important (Dayton and Oliver 1977) . It is also obvious that suspension feeders can develop greater body sizes than infaunal detritivores associated with a less nutritious source of food. However, Gallardo (1987) pointed out that in the Antarctic, the infauna could be also influenced by filter feeders that reduce the quantity of organic matter during its passage to the bottom.
The efficiency of Antarctic suspension feeders in terms of energy transfer from the pelagial to the benthic zone is very high and comparable to that found in temperate regions. Antarctic suspension-feeding communities have patchy distributions but are very rich, despite the low primary production in the Southern Ocean, this richness being associated with lateral advection and resuspension as well as with the nutritive quality of food (Gili et al. 2001) . It is also interesting that assumptions of slower growth of polar invertebrates are not necessarily true. Low temperature and brevity of phytoplankton availability were suggested as reasons of poor secondary productivity in polar regions. But it was confirmed for some bryozoans that their growth rates can increase within increasing latitude in the Antarctic and that it could be associated with reduced interspecific competition (Barnes and Arnold 2001) . Antarctic suspension feeders can feed actively even during the winter and are able to exploit even very low food concentrations (Barnes and Clarke 1995) .
In the areas like Ezcurra Inlet, depth is not so important because of the strong influence of glaciers (high inorganic suspended matter inflow, salinity, and temperature changes) (Pecherzewski 1980; Szafranski and Lipski 1982) can affect the zoobenthic communities even in the deeper parts of the bottom. That is why the distribution of biomass in this part of Admiralty Bay shows the gradient associated with the intensity of glacial processes, and we can observe the different composition of communities and distinctly lower biomass (Group A and E) than at similar depths in the central basin (Group B). The distribution and character of the assemblages detected in this study correspond with the characteristics of the environmental factors along the axis of Ezcurra Inlet and in the central basin. There was a clear gradient in the suspended matter content in waters of Admiralty Bay. It is visible even at greater depths with high value (60-100 mg/l) in the innermost part of Ezcurra Inlet, decreasing along the axis of the fjord to very low values (20-10 mg/l) in the outer part of Ezcurra Inlet and in the central basin (Pecherzewski 1980; Sicinski 2004) . Also, water turbidity was high in the Ezcurra Inlet and much lower in the central basin (Lipski 1987) . The analysis of sediments at the bottom of Admiralty Bay (Sicinski 2004) showed that innermost parts of Ezcurra Inlet are characterized by clay fractions (silty clay and clay silt) while in the outer part of Ezcurra Inlet and in the central basin, the sediments consist mostly of silty sand and silty clay sand. In front of glacier cliffs in the inlets, high fluctuations of salinity associated with intensive meltwater inflow were observed. The lowest temperatures and salinities were observed close to the glaciers in Ezcurra and MacKellar Inlets (Szafranski and Lipski 1982) . Waters of Ezcurra Inlet had also the lowest values of chlorophyll a content (Tokarczyk 1986 ).
The distribution of assemblages A, E, and B represents the changes in community structure along Ezcurra Inlet from the innermost parts to the outer part and the central basin. The dominance of polychaetes and poverty of the community found in the innermost part of Ezcurra Inlet (Group A) is typical of similar, highly disturbed areas. In the Arctic fjords in similar communities, a high proportion of small eurytopic polychaetes from the families Cirratulidae and/or Spionidae was often found (WlodarkaKowalczuk and Pearson 2004; Wlodarska-Kowalczuk et al. 2005) . The high biomass of bivalves in the middle part of Ezcurra Inlet (Group E) is very characteristic of the disturbed polar areas in places with high suspended mineral inflow. Similar trends were observed in many polar locations, especially for members of families: Yoldiidae, Laternulidae, and Thyasiridae (White and Robins 1972; Syvitski et al. 1989; Aitken and Gilbert 1996; WlodarkaKowalczuk and Pearson 2004; Echeverria et al. 2005) . These clams are able to live and feed in such conditions (Rhoads 1974) . In Admiralty Bay, the most abundant species (also in disturbed parts) are Laternula elliptica, Yoldia eightsi, and Mysella charcoti (Arnaud et al. 1986; Sicinski et al. 1996) . These species are very important components of Antarctic benthic communities and are characterized by more intensive growth during the summer season and adaptations to a winter food shortage (Peck et al. 2000; Ahn et al. 2003) . The undisturbed assemblage of the outer part of the fjord and the central basin (Group B) was dominated by ascidians and had a very high biomass.
Until now, information about the biomass of the macrozoobenthos in Admiralty Bay had been presented only for a depth range of 15-250 m, on three a priori selected transects (Jazdzewski et al. 1986 ) and was not studied over the entire depth range or in areas characterized by the different levels of glacial influence. The average biomass value recorded in Admiralty Bay in this study (66 g/ 0.1 m 2 ) was similar to the value recorded by Jazdzewski et al. (1986) and to those at other Antarctic locations when compared with data compiled in that paper. The maximal values of biomass were, however, higher, with 240 g/ 0.1 m 2 recorded by Jazdzewski et al. (1986) and over 390 g/0.1 m 2 recorded in this study. It is interesting that similar patterns of distribution of the higher taxa biomass were observed for the polychaete fauna (mostly epibenthic species) collected by trawling in an analysis based on faunistic similarity (Pabis and Sicinski 2010) . Two assemblages were found in the central basin, one in the deepest parts of the bay and one in the middle sublittoral (30-200 m) . In Ezcurra Inlet, the distribution of polychaete assemblages showed a mosaic. Similar patterns of distribution were also found in an analysis based on the abundance of infaunal polychaetes, with a mosaic of seven assemblages in Ezcurra Inlet, a clearly distinguished assemblage in the shallowest sublittoral of the Admiralty Bay central basin (7-40 m depth), and the most distinct rich and diverse assemblage in the middle sublittoral of the central basin (35-150 m), with factors like mineral suspension inflow, distance from glaciers, and sediment type being the most important for the distribution of polychaetes (Sicinski 2004) .
It is also interesting that in the group D (4-30 m), a higher biomass proportion of epibenthic, motile taxa was found. Higher biomass values of Amphipoda in the shallow sublittoral are associated with the high abundance of these crustaceans, reaching up to 17,000 ind./m 2 , in this part of the Admiralty Bay seabed (Jazdzewski et al. 1991) . Sterechinus neumayeri is the most common echinoid in Admiralty Bay (Arnaud et al. 1986 ): in Martel Inlet, it was found in relatively high abundance in the shallow, icedisturbed areas (Nonato et al. 2000) , and together with Abatus, it is responsible for the high echinoid biomass values in the shallowest sublittoral of Admiralty Bay. It is a very important species in the Antarctic trophic web, but on the other hand, it is also a slow-growing species that reaches a maximum size at 70 years of age (Brey et al. 1995) . It was found as an important biomass component of the shallow Antarctic areas (Propp 1970; Nakajima et al. 1982; Brey et al. 1995; Barnes and Brockington 2003) and is an important species in recolonization processes after the episodes of ice disturbance (Palma et al. 2007 ).
It has already been suggested that a depth of ca 30 m is an important zoological boundary for the benthos in the Admiralty Bay soft bottom, which is especially distinct in the central basin of the bay (Jazdzewski and Sicinski 1993; Nonato et al. 2000; Sicinski 2004; Echeverria et al. 2005 ). Ice scouring is more frequent in the shallow areas and can be one of the factors that reduce biomass values and diversity of benthic communities in the Antarctic down to around 30 m. It can also reduce the availability of places suitable for attachment for sessile species (Echeverria et al. 2005) . However, the composition of those shallow water communities can be rebuilt. The recovery of these communities may take many days or, in the case of sessile organisms like sponges, even years and includes mechanisms like locomotion, horizontal migration, and larval recolonization. The undisturbed epifaunal suspensionfeeding communities are probably more than 100 years old (Peck et al. 1999; Gerdes et al. 2003) .
Conclusions
1. In Ezcurra Inlet, the distribution of biomass is not depth related and shows changes associated with different level of glacial influence. It is also characterized by a wide range of variation. 2. A clear depth gradient of biomass distribution can be observed in bottom areas located far from glaciers (western coast of central basin). 3. The biomass of large epifaunal suspension feeders is higher than the biomass of infaunal deposit feeders (mostly Polychaeta) but there is no segregation of these two groups along the depth gradient. Depth zonation was observed for large suspension feeders while the infaunal component was distributed across the whole depth range.
